ABSTRACT
in the control of development and differentiation has been the subject of intense research for many years (1-4). In several culture systems, the addition of extracellular matrix induces both cellular polarity and tissue organization (5-9). For example, when a monolayer of mammary epithelial cells cultured on a flat sheet of collagen is further overlaid with a second layer of collagen, these cells reorganize to form tubular structures (10), thereby orienting their basal surface adjacent to the collagen and their apical surface adjacent to the lumen. 
Preparation of rat tail tendon collagen
Type I collagen was prepared from rat tail tendon by a modified procedure of Elsdale and Bard (22) . Four tendons were dissected from each rat tail and stirred into 200 ml of 3% acetic acid overnight at 4#{176}C. The solution was filtered through four layers of cheesecloth and centrifuged at 12,000 g for 2 h. The supernatant was precipitated with 40 ml of 30% NaCl, and the pellet was collected by centrifugation at 4000 g for 30 mm. After two rinsings with 5% NaC1 and 0.6% acetic acid, the pellet was dissolved Hepatocytes were cultured on gelled rat tail tendon collagen. Plates were prepared by distributing 1 ml of collagen gel solution (mixture of 1 part 10 x concentrated DMEM and 9 parts collagen solution at 1.11 mg/ml) evenly over a 60-mm tissue culture dish at least 1 h before use. 
RESULTS

AND DISCUSSION
Two million viable hepatocytes were cultured on a layer of gelled rat tail tendon collagen.
After 1 day, hepatocytes clustered into cords that covered roughly half of the surface and exhibited polygonal morphology typical of hepatocytes. The addition of a second collagen gel layer did not appear to disturb the hepatocytes.
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gonal morphology was maintained throughout the 7-wk period. Hepatocytes cultured without the collagen overlay, on the other hand, flattened rapidly and spread into a confluent monolayer by the third day. These hepatocytes appeared to die and detached continuously. Contaminating cell growth was negligible in the sandwich system, whereas in the single gel system, its overgrowth dominated the culture after 2 wk. Figure  2 shows the deterioration that was invariably observed in the single gel system and the preservation of morphology observed in the sandwich system. Hepatocytes cultured in the sandwich system also maintained albumin secretion, a liver-specific marker, significantly better than those cultured on a single layer of collagen gel (Fig. 3) . For the single gel system, albumin secretion dropped to less than one-tenth of the initial rate at the end of 1 wk and remained essentially zero for the next 5 wk.
The decrease in albumin secretion observed for hepatocytes cultured on a single layer of collagen gel could be due to either a malfunction in the albumin synthetic/ secretory system within the cells or to cell death. To determine whether the observed changes were reversible, hepatocytes cultured for as long as 14 days on a single layer of collagen were further overlaid with a second layer of collagen.
As is shown in Fig. 4 , recovery of albumin secretion by the overlay of a second collagen gel could be achieved even after 1 wk of culture on a single layer of collagen; only a partial recovery in albumin secretion was seen after 2 wk of culture on a single layer of gel. Within a few days after addition of the second layer, the morphology and albumin secretion rate of the recovered cells were comparable to those observed with hepatocytes 
